Introduction
Sorghum [Sorghum bicolor (L.) Moench] is the fifth most important cereal crop worldwide (FAO STAT 2004) and an important rainfed cereal crop in the semi-arid tropics (SAT). India is the major producer of sorghum with the crop occupying 9.9 million hectares with an annual production of 8.0 million metric tones during 2003 -2004 (FAS 2005 . Genetic manipulation of sorghum in India since the 1960s has led to the development of several high yielding varieties and hybrids. However, many of these were highly susceptible to shoot fly [Antherigona soccata (Rondani)] which often resulted in severe damage to the crop (Rao and Rao, 1956; Jotwani and Srivastava, 1970) . Adoption of chemical control is not
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economically feasible for resource-poor farmers of the semi-arid tropics (SAT), as the low crop value per acre precludes the use of insecticides for control of shoot fly (Dhamas, 1943) . Therefore host plant resistance combined with non-monitory input like timely sowing is the most realistic approach to minimize grain and stover yield losses. Blum (1967) observed that resistance to shoot fly in sorghum is due to ovipositional nonreference, which becomes ineffective when shoot fly populations are high (Jotwani and Srivastava, 1970) . Glossy leaves (Agrawal and House, 1982) , seedling vigor (Jadhav et al., 1986) and trichomes on the abaxial leaf blade (Mati and Bidiger, 1979) are reported to be the main factors responsible to shoot fly resistance.
The selection of shoot fly resistant sorghum genotypes by utilizing any one of the above resistance factors is inefficient due to several components involved in imparting resistance. Moreover each of these factors are governed by one or more genes and exhibit considerable genotype (G) x environment (E) interaction.
Genetic analysis of quantitative traits requires replicated multi-environment testing because of the un-replicability of field screening environments and possible G x E interactions. This can be accomplished by using a population of recombinant inbred lines (RILs), as it constitutes a permanent seed source of multiple field screenings (Burr et al., 1988) and as each genotype in the RIL population is represented by a progeny, rather than by an individual a more accurate assessment of the genetic component of variance can be made in studying the quantitative traits. Hence, the present study was undertaken to study the genetic architecture of shoot fly resistance under varying levels of shoot fly infestation by using a sorghum RIL populations. (derived from Aispuri and susceptible to shoot fly) and IS 18551 (originating from Ethiopia and resistant to shoot fly). After the initial cross between 296 B and IS 18551, a single F 1 plant was selfed and the resulting F 2 seeds were sown to produce F 2 plants. Selfing of F 2 plants produced F 3 seeds, which were sown head to row. Each F 3 plant was selfed and from each head-to-row plot, a single plant randomly chosen to provide seeds for the next generation. This modified single seed descent method, where each line was advanced using a single randomly selected plant, was repeated for 3 to 4 generations. Recommended protections measures were taken during RIL population development at ICRISAT to minimize selection for shoot fly resistance. Each of the resulting 259 F 7 lines represented the single F 2 plant from which it is derived. Screening of the RIL for shoot fly resistance was carried out at the ICRISAT, Patancheru, Andhra Pradesh, India. A total of 300 lines (259 RILs +14 times repeated checks of each of 296B and IS18551) and a standard check, CSH-9, repeated 13 times) were sown on 16 th August during 2002 kharif season (E1), for early rabi season (E2), a total of 270 entries (259 RILs + 4 times repeated checks of each of 296B and IS18551 + standard check CSH 9 repeated 3 times), were sown on 16 th October 2004. The test material was planted in balanced design, with 75 cm and 15 cm inter and intra-row spacing respectively. In the late kharif and rabi seasons, each entry was grown in two-row plot of 2 m length in four and three replications respectively. Shoot fly infestation was quite high during the kharif season. During the rabi season, the shoot fly infestation was relatively low to ensure uniform and optimum shoot fly infestation under field condition. The interlard fish meal technique (Sharma et al., 1992 ) was followed to screen for resistance to shoot fly. Observations on glossiness were recorded at 7 days after emergence (DAE) scored visually 1 to 5 scale (1 = highly glossy and 5 = uniformly non-glossy). The leaf glossiness score was recorded before thinning at 7 DAE, and plant counts per plot were taken the next day. Oviposition counts were taken at 14 DAE (I) and 21 DAE (II) and oviposition incidence was recorded as the percentage of plants with eggs. While dead hearts counts were taken at 21 DAE (I) and 28 DAE (II) and dead heart incidence was recorded as a percentage of plants with dead hearts. Trichome density on the central portion of the fifth leaf from the base was recorded (no. of trichome per microscopic field on upper and lower leaf blades) at 17 DAE in both screening environments. Agronomic traits such as time to 50% flowering (days), plant height (cm) and grain yield (gm 2 ) were also recorded.
Materials and Methods
Studies
The analysis of variance for phenotypic data sets were performed using the residual maximum likelihood algorithm (REML), which estimates the components of variance by maximizing the likelihood of all contrasts with zero expectation (Paterson and Thompson 1971) and provides best linear unbiased predictions (BLUPs) of the performance of the genotypes. For each trait and for each entry, the predicted means were calculated with replications as fixed effects and entries with replication x block as a random effect for both individual environments (seasons). For across screening environment (seasons) analyses, environment and replications were treated as fixed effect and entries, environment x entries, and environment x replication interactions as random effects. The data was analyzed using the Genestat (6 th edition) software package (Payne 2002) .
Results and Discussion
The mean performance of the two parents (296B and IS18551) revealed significant phenotypic differences (Table 1) for shoot fly resistance and other agronomic traits except for time to 50% flowering (days) in kharif and grain yield in rabi. Parental performance under different environments varied for all the traits except for glossiness. For glossiness intensity, the parental and RIL mean performances were consistent across the two seasons. Similar observations have been reported by Jayanthi et al., (1999) . Parental mean values and RIL ranges for oviposition I, II and dead hearts I, II indicated greater shoot fly pressure in kharif than in the rabi screening environment. The range of the RIL mean values for oviposition and dead hearts incidence clearly indicated that shoot fly population pressure in both screening environment was high to optimal as it allowed expression of a wide range of phenotypic values. observed higher variability when the material was tested under optimum shoot fly population levels. While Rana et al., (1975) reported that selection for shoot fly resistance was effective under conditions when morality ranged from 7 to 67%.
Trichome density was quite consistent across seasons but was greater in rabi season than to kharif season and greater on upper leaf blade than on lower leaf blade. Similar observations were revealed by Mati and Gibson (1983) , Borikar and Chundurwar (1989) and Sajjanar (2002) . Elite shoot fly susceptible parent 296B was late in flowering, shorter in height and lower yielding than IS18551 in both the screening environments, although some of the differences observed may have been due to the confounding influence of differential susceptibility to shoot fly. The wide variation observed in the RIL population for glossiness intensity, oviposition, dead heart incidence, and trichome density indicated that the population can be used to map quantitative trait loci (QTLs) governing these traits, provided that sufficient marker polymorphism can be detected between the parents to track, genome-wide segregation patterns.
The genotypic variances for glossiness, oviposition I, II, dead heart I, II, trichome density (upper and lower leaf blades), time to 50% flowering, plant height and grain yield were greater than the corresponding variances for G x E interaction (Table 2) indicating that these traits are under genetic control although G x E interactions had significant influence on in their expression. Similar results have been reported by Jayanthi et al., (1999) , and the differential response of sorghum genotypes to variation in photoperiod, measured in terms of flowering time and plant height is well known.
Components traits associated with shoot fly resistance showed low to moderate broad sense heritability estimates (Table 3) . Consistently high heritability estimates were observed for glossiness in two individual screening environments and moderate estimates across these two test environment indicated that contributions to phenotypic variance due to environmental factors and G x E interaction are less than, genotype factors as evident from values of genotype and G x E variances. The G x E variance component is, however significant indicating the complex nature of glossiness. Agrawal and Abranam (1985) indicated that the seedling glossiness intensity is quantitative in nature and controlled by both additive and non-additive genes. Oviposition and dead heart incidence recorded, low to moderate but consistent operational heritability estimates in the two individual screening environments and also at different stages of observation. However, operational heritability estimates for these traits across seasons for both observation stages were low indicating a prominent role of screening environment and/or genotype x environment interaction in the expression of the trait. This observation corroborates by Halalli et al., (1983) , and .
Consistently high heritability estimates were recorded in both screening environments for trichome density on upper and lower leaf blades, while across season analyses revealed lower heritability estimates for trichome densities of both leaf blades (h2 = 0.51 for upper and h2=0.49 for lower leaf blade). This indicates the role of environmental factors and G x E factor in the expression of this trait. The result obtained in this study reveals that there are strong seasonal effects on the expression of trichome density. These results are in agreement with those of Jayanthi et al., (1999) and Sajjanar (2002) .
The analysis revealed that RIL means differed significantly from both the parents to shoot fly resistance traits (Table 4) . Transgressive sergeants with phenotypic values outside the parental limits were observed for most of the shoot fly resistant traits except for leaf glossiness. For oviposition, I, II, dead heart I, II and grain yield, the RIL population mean was less than the mid-parental value. In contrast to glossiness, the trichome density (both on upper and lower leaf blades) and plant height, RIL population mean values were greater than the mid-parental value. In general, the proportion of RIL outside the parental limits was greater for those outside the low-scoring parents and lower for outside high scoring parents. The expectation of equal frequencies of inbreeds lying outside the limits of either parent was not observed in any case. This shows that, for shoot fly resistance and its component traits, there were epistatic interactions (predominance of additive x additive gene action) influencing trait expression in this RIL population. 
